Dendrites play a central role in the integration and flow of information in the nervous system. The morphogenesis and maturation of dendrites is hence an essential step in the establishment of neuronal connectivity. Recent studies have uncovered crucial functions for extrinsic cues in the development of dendrites. We review the contribution of secreted polypeptide growth factors, contact-mediated proteins, and neuronal activity in distinct phases of dendrite development. We also highlight how extrinsic cues influence local and global intracellular mechanisms of dendrite morphogenesis. Finally, we discuss how these studies have advanced our understanding of neuronal connectivity and have shed light on the pathogenesis of neurodevelopmental disorders.
Dendrites play a central role in the integration and flow of information in the nervous system. The morphogenesis and maturation of dendrites is hence an essential step in the establishment of neuronal connectivity. Recent studies have uncovered crucial functions for extrinsic cues in the development of dendrites. We review the contribution of secreted polypeptide growth factors, contact-mediated proteins, and neuronal activity in distinct phases of dendrite development. We also highlight how extrinsic cues influence local and global intracellular mechanisms of dendrite morphogenesis. Finally, we discuss how these studies have advanced our understanding of neuronal connectivity and have shed light on the pathogenesis of neurodevelopmental disorders.
Extrinsic cues regulate distinct steps in dendrite morphogenesis To establish proper connectivity, dendrites transition through fundamental developmental stages from growth and guidance, to branching and pruning, to self-avoidance and tiling. The regulation of dendrite patterning can be broadly divided into cell-extrinsic and cell-intrinsic mechanisms. In the nervous system, cell-extrinsic cues consist of secreted or transmembrane signals as well as neuronal activity in response to trans-synaptic transmission. By contrast, cell-intrinsic pathways represent cell-autonomous mechanisms that are influenced by environmental cues but do not strictly depend on extrinsic cues to operate within neurons. These factors characteristically regulate intracellular neuronal responses to extrinsic cues [1, 2] .
Early studies of dendrite morphology were heavily focused on secreted cues such as neurotrophins and their effectors, the receptor tyrosine kinases (RTKs) [3] . However, additional cell-extrinsic cues and mechanisms of dendrite patterning have been identified (Table 1) . For example, contact-mediated signaling through Down syndrome cell adhesion molecule (DSCAM) and similar molecules have provided significant insights into the targeting of dendrites, whereas ligand-gated and voltage-gated calcium channels and their respective downstream effectors have shed light on how neuronal activity regulates dendrite morphogenesis.
The cell-intrinsic pathways driving dendrite patterning have been recently reviewed [2] . We focus on the cellextrinsic regulators of dendrite morphogenesis. We discuss the role of three major classes of extrinsic regulators: secreted cues, contact-mediated factors, and neuronal activity. The list of specific molecules driving these distinct forms of regulation continues to expand. A general concept emerging from these studies is that, exactly as in the case of cell-intrinsic regulation of dendrite morphogenesis [2], extrinsic cues regulate diverse aspects of dendrite development from their growth and branching to pruning and maturation (Figures 1 and 2 ).
Secreted cues Neurotrophins
Neurotrophins represent a family of secreted proteins, consisting of nerve growth factor (NGF), brain-derived growth factor (BDNF), neurotrophin 3 (NT-3), and neurotrophin 4 (NT-4), that act on neurons through members of the tyrosine receptor kinase (Trk) family [4] . In the rodent cerebral cortex, neurotrophins promote dendrite growth and arborization, but this effect varies depending on the specific neurotrophin, cortical layer, and location of the dendrites [5] .
Specific deletion of the BDNF receptor TrkB in cortical pyramidal neurons, by crossing mice harboring a floxed allele of Trkb with mice expressing Cre downstream of the CaMKII driver, reduces dendrite complexity [6] , and disruption of the TrkB dynein-mediated transporter Snapin decreases dendrite growth [7] . Interestingly, Trk receptors are also expressed as different splice variants, and these variants mediate distinct effects on dendrites [8] , potentially offering another layer of control beyond the effects of specific cognate neurotrophin/Trk family members. Recent studies reveal that dendrite growth and branching is modulated by relative intracellular differences in NT-3/TrkC signaling. TrkC knockout mouse Purkinje neurons have reduced dendrite complexity, which is rescued by the removal of the TrkC ligand NT-3 from cerebellar granule neurons [9] .
Although neurotrophins have essential roles in dendrite patterning, the precise downstream mechanisms remain to be identified. Neurotrophins may stimulate activity-dependent pathways to induce dendrite growth [10] . Recent studies link neurotrophin signaling to the activity-dependent phosphorylation of glycogen synthase kinase-3b 
